Although the neurotransmitter, 5-hydroxytryptamine (serotonin, 5-HT), has been implicated as a mediator of learning and memory, the specific role of 5-HT receptors in rodents requires further delineation. In this study, 5-HT 2C receptor ligands of varying relative intrinsic efficacies were tested in a mouse learning and memory model called autoshaping-operant. On day 1, mice were placed in experimental chambers and presented with a tone on a variable interval schedule. The tone remained on for 6 s or until a nose-poke response occurred to produce a dipper with Ensure solution. Mice were then injected with saline, MK212 (full agonist), m-chlorophenylpiperazine (partial agonist), mianserin, and SB206 553 (inverse agonists), and methysergide and ( + )-2-bromo lysergic acid diethylamide ( + )-hydrogen tartrate (neutral antagonists). Each compound was injected after either 1 or 2-h acquisition sessions on day 1 to investigate the role of acquisition session length on consolidation. Day 1 injection of the 5-HT 2C inverse agonist mianserin produced greater retrieval impairments of the autoshaped operant response on day 2 than any other agent tested. Furthermore, decreasing the length of the acquisition session to 1 h significantly increased the difficulty of the autoshaping task further modulating the consolidation effects produced by the 5-HT 2C ligands tested.
Introduction
There has been a long-standing interest in the role of the indoleamine 5-hydroxytryptamine (serotonin, 5-HT) in both associative and nonassociative learning in species as diverse as Aplysia to humans (for review see Meneses, 2003) . More recently, the role of 5-HT in learning and memory processes has been investigated in rats using a paradigm called autoshaping (Meneses, 2001b (Meneses, , 2007 Meneses et al., 2004) . Most autoshaping tasks combine both Pavlovian and instrumental conditioning and are sensitive to small increases or decreases in behavioral parameters, sign tracking, and goal tracking (Meneses, 2003) . In most autoshaping procedures, a food-restricted animal is exposed to a visual or audible stimulus that predicts the presentation of food. The repeated pairing of stimulus with food (Pavlovian conditioning) soon elicits a behavioral response from the animal to obtain the food (instrumental conditioning) (Brown and Jenkins, 1968) . For autoshaping to occur, an animal requires an intact hippocampus, septum, and cortex (Oscos-Alvarado et al., 1985; Meneses, 2003) . Exposure to the autoshaping procedure produces changes in the expression of 5-HT receptors as labeled by [ 3 H]-5-HT presynaptically in the raphe nucleus and postsynaptically in the hippocampus, in various regions of the cortex and in the amygdala areas (Meneses et al., 2004) .
Pharmacologically, a number of different 5-HT subtypes seem to be involved in autoshaped learning. In the rat autoshaping procedure, a series of 5-HT 2C/1B piperazine derivatives such as m-chlorophenylpiperazine (mCPP) were injected after the acquisition session on day 1 and impaired memory consolidation (Meneses and Hong, 1997) ; this impairment was reversed with 5-HT 2B/2C antagonist SB200 646 (Meneses, 2002a) and 5-HT 1B inverse agonist SB 224289 (Meneses, 2001a) . The 5-HT 2A receptor agonist ( + /-)[-1-(2,5-dimethoxy-4-iodophenyl)-aminopropane]-hydrochloride and the 5-HT 2A/2C receptor antagonist ketanserin injected after the day 1 session both facilitated the consolidation of the autoshaped response, whereas the selective 5-HT 2A antagonist MDL 100907 blocked the facilitatory effects of (+ /-)-[1-(2,5-dimethoxy-4-iodophenyl)-aminopropane]-hydrochloride and ketanserin (Meneses, 2002a) . Using the autoshaping procedure to study both short-term and longterm memory, the nonselective antagonist cyproheptadine, injected after the day 1 session, facilitated the consolidation of short-term memory but not long-term memory . Furthermore, cyproheptadine impaired acquisition and retention in a passive avoidance task (Ma and Yu, 1993) suggesting the effects of cyproheptadine are task dependent or the injection interval before or after the task may be an important variable for the outcome of the study. 5-HT 1B receptors are also involved in learning such that 5-HT 1B inverse agonist SB 224289 facilitated consolidation in autoshaping that was reversed by a 5-HT 1B/1D antagonist GR 127935. In other studies, 5-HT 1A KO mice show deficits in hippocampal-dependent learning and memory tests (Sarnyai et al., 2000) and 5-HT 1B KO mice show enhanced platform acquisition and probe trial performance in the Morris water maze (Buhot et al., 2000) .
Clearly there are many different 5-HT receptors involved in learning and memory processes; however the pharmacology of these effects may be complex. Reports have described in-vitro conditions under which a proportion of 5-HT 2C receptors can be shown to be constitutively active; that is, they are capable of initiating signal transduction and increasing basal effector activity in the absence of any agonist ligands (Barker et al., 1994; Westphal and Sanders-Bush, 1994; Berg et al., 1999; Hietala et al., 2001) . There seems to be some evidence suggesting that constitutively active 5-HT 2C or 5-HT 2A receptors may regulate normal behavior and learning. For example, 5-HT agonists, such as d-lysergic acid diethylamide and 2,5-dimethoxy-4-methylamphetamine, facilitate the acquisition of a classically conditioned response in rabbits (Harvey et al., 1982 (Harvey et al., , 1983 Welsh et al., 1998b; Aloyo et al., 2009 ). Some 5-HT 2 antagonists inhibit the acquisition of the conditioned response and impair the performance of the unconditioned response. These data suggest that antagonists, such as mianserin, pizotifen, ritanserin and MDL 11 939 may be inverse agonists (Ginn and Powell, 1986; Welsh et al., 1998a; Romano et al., 2000) . Proposed 5-HT 2C neutral antagonist ( + )-2-bromo lysergic acid diethylamide hydrogen tartrate (BOL) failed to alter the unconditioned effects or the rate of conditioned response acquisition in rabbits (Harvey et al., 1982 (Harvey et al., , 1983 Romano et al., 2000) , yet BOL blocked the decrease in response magnitude produced by the inverse agonist mianserin. In the 5-HT 2C receptor system, there seems to be some evidence for a hypothesis that inverse agonists may impede learning while agonists could facilitate learning. These studies suggest that constitutive activation of the 5-HT 2C or 5-HT 2A receptor may have important implications for learning and motor performance in vivo (Harvey et al., 1999) . Therefore, in this study, we examined a series of agonists (MK212, mCPP), neutral antagonists (BOL, methysergide), and inverse agonists (mianserin, SB206 553) with affinity for 5-HT 2C receptors for their effects on the consolidation process in an autoshaping-operant procedure for mice (Vanover and Barrett, 1998) modified to emphasize the instrumental response component of the task (Davenport, 1974) . 5-HT agonists can produce hypophagia and under some conditions 5-HT inverse agonists can produce hyperphagia (Kennett and Curzon, 1988; Kennett et al., 1997; De Vry and Schreiber, 2000) . Therefore, to separate the effects of motivation to earn food from learning per se, all compounds were injected immediately after the acquisition session on day 1. Specifically, as observed in the rabbit classically conditioned response paradigm described above, we predicted that agonists would facilitate learning and inverse agonists would impair learning. To delineate further the effects of these agents on consolidation, we decreased the amount of time the mice were allowed to acquire the autoshaped operant response from 2 to 1 h, specifically to increase the difficulty of the task. We therefore predicted a greater magnitude of change on consolidation for the drugs after the 1-h acquisition session.
Methods Animals
Male, Swiss-Webster mice (N = 145) weighing 20-35 g were obtained from ACE Animals, Inc., (Philadelphia, Pennsylvania, USA). Mice arrived group-housed in plastic cages and were allowed to acclimate to the temperature and humidity-controlled facility for 7 days. Mice had free access to food and water during this time. All mice were maintained in accordance with the guidelines of the Institutional Animal Care and Use Committee of Temple University and the 'Guidelines for the Care and Use of Mammals in Neuroscience and Behavioral Research' (Institute of Laboratory Animal Resources, National Academies Press, Washington, DC, 2003) . The highest standards of animal welfare were maintained throughout these studies and the experiments were specifically designed to reduce the number of mice required.
Apparatus
Six mouse operant experimental chambers (21.6 Â 17.8 Â 12.7 cm, Model ENV-307W, MED Associates, St. Albans, Vermont, USA) were used. Each chamber was housed within a sound-attenuating enclosure and connected to a computer-driven interface (Model SG-502, MED Associates) that controlled the experimental conditions and collected the data. One wall of the chamber contained three receptacles: one large dipper hole in the center (ENV-313M) and two smaller nose-poke holes on the left and right (ENV-313W). The opposite wall featured a house light that illuminated the chamber during the session. Each chamber was also equipped with an audible tone device (Sonalert, 2900 Hz, Mallory Sonalert, Indianapolis, Indiana, USA) that would emit a tone on a variable interval schedule. Nose-pokes into each hole were detected by a photocell head entry detector (ENV-303HD) and recorded. A dipper lever and dipper well was located behind the center dipper hole.
Autoshaping-operant procedure
The autoshaping-operant procedure was modified from the method described earlier for mice by Vanover and Barrett, (1998) and Davenport (1974) for rats. Briefly, after a 1-week acclimation period, mice (n = 5-12/group) were separated into individual cages, weighed and food restricted for 24 h before the experimental session. On day 1 of the autoshaping-operant procedure, mice were weighed and then placed inside the experimental chambers for a 15 min habituation period before the session started.
At the start of each session the house light illuminated the chamber and the mice were presented with a tone on a variable interval schedule (mean of 45 s, range 4-132 s), with the tone remaining on for 6 s or until a nose-poke response occurred. If a mouse made a dipper hole, nosepoke during the tone, a dipper with 50 : 50 Ensure : water solution was presented and the tone was turned off. Each 2-h session on day 1 lasted for 2 h or until 20 reinforced nose-pokes were recorded and each 1-h session lasted for 1 h or until 10 reinforced nose-pokes were recorded. All mice were kept inside the chambers until the respective 1-h or 2-h sessions expired, regardless of whether individual mice had finished their sessions. This was done to standardize the injection intervals as they were administered after the day 1 sessions. In this betweengroups design, each group of mice was injected just once intraperitoneally with varying doses of MK212, mCPP, mianserin, SB206 553, BOL, methysergide or saline.
After the injections, mice were fed 1.5 g of food and returned to their cages until testing again 24 h later. On day 2, all mice were placed back into the chambers. After the 15 min habituation period, the autoshaping-operant session lasted for 2 h for all mice or until 20 nose-pokes were recorded, regardless of the length of their initial session.
Drugs
MK212 hydrochloride, mCPP hydrochloride, and methysergide maleate (Tocris Bioscience, Ellisville, Missouri, USA), mianserin hydrochloride, SB 206 553 hydrochloride (Sigma Aldrich, St. Louis, Missouri, USA), and BOL (National Institute on Drug Abuse, Bethesda, Maryland, USA). All drugs were dissolved with either saline or sterile water for injection and injected intraperitoneally. SB 206 553 was dissolved in a few drops of Tween 80 before adding sterile water and then the entire solution was sonicated.
Data and statistical analysis
Each nose-poke into the center nose-poke hole in concert with the audible tone elicited the presentation of the dipper of Ensure and was recorded as a reinforced response (up to a maximum of 20 in each 2-h session or 10 in each 1-h session). The main measure of acquisition and retention of this behavior was the mean adjusted latency, in seconds, of the latency to respond for the tenth reinforcer minus the latency to respond for the first reinforcer (L10-L1). With this adjustment, the unequal opportunity for each mouse to achieve the first reinforcer because of the variable schedule of the tone stimulus is corrected. In essence, the mean adjusted latency represents the elapsed time, in seconds, from the first reinforcer earned to the tenth (Vanover and Barrett, 1998) . To calculate the rate of dipper nose-poke hole responding per second, the total number of dipper nose-pokes made during the session -regardless of the presence or absence of the tone -was recorded and divided by the total session time in seconds for each mouse. This dipper rate measure serves as a guide to whether differences in mean adjusted latency were dependent or independent of overall rate of responding. The number of nose-pokes into the left and right nose poke holes was also recorded as a measure of general activity and represented as a rate of responding in seconds. All mice were included in acquisition measures from the day 1 sessions. However, any mouse that failed to make at least 10 reinforced responses on day 1 of 2-h testing or at least five reinforced responses on day 1 of 1-h testing was excluded from the latency measures on day 2. The rationale for this exclusion is that it was not appropriate to evaluate day 2 retention of a response that was insufficiently reinforced, or not reinforced at all, on day 1 (Vanover and Barrett, 1998) . If the mouse did not obtain the tenth reinforcer on day 1, a value of 7200 s was assigned to L10 and the latency to the first reinforcer was subtracted from that value for the individual mean adjusted latency. The data from this mouse would not be included in the day 2 mean adjusted latency data. If a mouse did not respond at all on day 1, a value of 7200 s was assigned as the mean adjusted latency and the data from this mouse would not be included in the day 2 mean adjusted latency data. In the entire study, 12 of 145 total mice were excluded from the day 2 mean adjusted latency data analysis. Two-way analysis of variance was used to evaluate the effect of drugs and session length on performance measures. Bonferroni post-hoc tests were used if significance was indicated. Paired t-tests were used to compare day 1 versus day 2 measures within groups.
Results

Saline control experiments
On day 1, mice acquired the nose-poke response into the dipper well in the presence of the tone with a meanadjusted latency of 1500 ± 290 s, after a 1-h acquisition session in the experimental chambers, and responded into the dipper well with an average response rate of 0.18 ± 0.026 response/s (Table 1) for the entire session. The rate of responding into the nonreinforced left and right nose-poke holes was 0.012 ± 0.0031 response/s during the day 1 session. Saline injections were administered to all mice immediately following this 1-h acquisition session and the mice were placed into their home cages. On day 2, the mice were placed back into the experimental chambers without additional injections and the experimental conditions proceeded exactly as on day 5-HT receptor ligands in autoshaping Walker and Foley 85 1 except that the day 2 session lasted for 2 h. Mice responded into the dipper well in the presence of the tone with a mean-adjusted latency of 690 ± 230 s, which although faster than the day 1 mean-adjusted latency, was not significantly different (Table 1) . However, the dipper response rate increased significantly to 0.51 ± 0.078 response/s on day 2 from day 1 (P r 0.002), and the nonreinforced response rate decreased significantly to 0.0029 ± 0.0012 on day 2 from day 1 (P r 0.02).
A different group of mice exposed to a 2-h acquisition session on day 1 acquired the nose-poke response into the dipper well in the presence of the tone with a meanadjusted latency of 2600 ± 620 s and a response rate into the dipper well of 0.055 ± 0.021 response/s (Table 1) . The rate of responding into the nonreinforced left and right nose-poke holes was 0.0057 ± 0.00057 response/s. These mice were injected with saline immediately after their day 1 session and then placed back into their home cages. On day 2, during the 2-h session, the mice responded into the dipper well in the presence of the tone with a mean-adjusted latency of 720 ± 210 s, which was significantly faster than their day 1 latency (P r 0.05). The overall dipper response rate regardless of the presence of the tone significantly increased to 0.44 ± 0.065 response/s (P < 0.001) and the nonreinforced nose-poke rate significantly decreased to 0.0013 ± 0.00019 (P < 0.001). In summary, the mice exposed to a 2-h acquisition session showed a significantly decreased mean-adjusted latency to respond in the dipper well nose-poke in the presence of the audible tone while the mice allowed only a 1-h acquisition session responded with similar latencies on days 1 and 2. Both groups of mice showed significant increases in dipper well nosepoke responding on day 2 compared with day 1. Both groups also showed a significant decrease in nonreinforced left and right nose-poke responding on day 2 versus day 1 although the magnitude of these day 2 differences was greater in the mice exposed to a 2-h acquisition session (Table 1) .
5-HT 2C receptor ligands
Groups of mice were injected with 5-HT compounds after the acquisition session on day 1. The mean ± SEM responding on day 1 across the groups in the 1-h acquisition session was as follows: mean-adjusted latency (1540 ± 132 s), dipper response rate (0.15 ± 0.019 response/s), and nonreinforced response rates (0.0079 ± 0.0015 response/s). The mean ± SEM responding on day 1 across the groups in the 2-h acquisition session was as follows: mean-adjusted latency (1779 ± 213 s), dipper response rate (0.21 ± 0.018 response/s), and nonreinforced response rates (0.0091 ± 0.00079 response/s). Analysis of variance revealed that the length of the acquisition session contributed to the differences seen in the day 2 mean-adjusted latency measures (F (1,115) = 4.83, P r 0.05) independently of any particular drug injected after the day 1 acquisition session. The acquisition session length, however, did not alter the magnitude of effect between the overall reinforced dipper well nose-poke responding or the nonreinforced left and right nose-poke responding on day 2. Mice exposed to either a 1-h or 2-h acquisition session and subsequently treated with either MK212, mCPP, 10 mg/kg mianserin, SB206 553 (3.2 and 10 mg/kg), BOL or methysergide did not differ significantly from saline in mean-adjusted latency of reinforced responding on day 2 (Fig. 1, left panel) . Although the day 2 mean-adjusted latencies of the mCPP, 10 mg/kg mianserin, SB206 553, BOL and methysergide groups were higher after the 1-h acquisition session than the saline controls, none achieved statistical significance. However, the mice treated with 32 mg/kg mianserin after the day 1 acquisition session each responded with significantly longer latencies on day 2 compared with saline controls. The mice exposed to the 1-h acquisition session had the greatest magnitude increase (P < 0.001), with the mice allowed a 2-h acquisition session slightly faster (P < 0.05) (Fig. 1, left panel) . In addition to the differences relative to saline controls, injection with 32 mg/kg mianserin immediately after the 2-h day 1 session produced longer mean-adjusted latencies than MK212 (P < 0.05), mCPP (P < 0.05), 10 mg/kg mianserin (P < 0.05), 10 mg/kg SB206 553 (P < 0.05), BOL (P < 0.05) and methysergide (P < 0.05). Mice injected with 32 mg/kg mianserin immediately after the 1-h acquisition session produced longer mean-adjusted latencies than those mice injected with MK212 (P < 0.01), 3.2 and 10 mg/kg SB206 553 (P < 0.01), BOL (P < 0.05) and methysergide (P < 0.01).
Mice exposed to either a 1-h or 2-h acquisition session and subsequently treated with either MK212, 10 mg/kg mianserin, SB206 553, BOL or methysergide did not differ significantly from saline controls in overall rate of responding in the dipper well on day 2 (Fig. 1, middle  panel) . Mice injected with mCPP after a 1-h acquisition session responded in the dipper well at a significantly slower rate than saline controls (P < 0.05). However, this difference after the 1-h acquisition session was not present relative to any of the other drugs tested and mCPP did not affect overall rates of dipper well responding after the 2-h session. Mice injected with 32 mg/kg mianserin after either a 1-h or 2-h acquisition session showed lower overall rates of responding in the dipper well on day 2 compared with saline controls (P < 0.01 and P < 0.05, respectively). The day 2 response rate of the mice treated with 32 mg/kg mianserin after the 1-h session was also significantly lower than that of the mice treated with 10 mg/kg SB206 553 (P < 0.01). The mice treated with 32 mg/kg mianserin after a 2-h acquisition session also responded significantly slower on day 2 than those treated with mCPP (P < 0.01), 3.2 mg/kg SB206 553 (P < 0.05) or methysergide (P < 0.01) after a 2-h acquisition session.
Analysis of day 2 nonreinforced left and right nose-poke response rates revealed that mice treated with 10 mg/kg SB206 553 after a 2-h acquisition session responded at significantly higher rates than saline controls (P < 0.05) (Fig. 1, right panel) . This increased response rate was also evident relative to mice treated with MK212 (P < 0.05), mCPP (P < 0.05), and 32 mg/kg mianserin (P < 0.05) after a 2-h acquisition session. Of those animals exposed to a 1-h acquisition session, none were different from saline controls in their rates of nonreinforced left and right nose-poke responding. However, mice treated with MK212 after a 1-h acquisition session responded at a significantly higher rate than mice treated with 32 mg/kg mianserin (P < 0.05) and methysergide (P < 0.05).
Discussion
Although previous studies have examined the role of 5-HT and 5-HT receptors in learning of a Pavlovian/ instrumental autoshaping task in rats (Meneses, 2003) , the present experiment is the first to use a variation of the autoshaping-operant procedure to study the effects of 5-HT 2C ligands in mice. Earlier, in our laboratory, we showed that mice can readily acquire an autoshapedoperant response on day 1 and retrieve the response on day 2 after being exposed to a 2-h acquisition session (Foley et al., 2008) similar to data collected earlier (Vanover and Barrett, 1998) . Furthermore, this response was disrupted by scopolamine but not methylscopolamine, showing that drugs must cross the blood-brain barrier to disrupt this autoshaped responding (Foley et al., 2008) . In this study, we showed that by decreasing the day 1 acquisition session from 2-1 h, the mice took significantly longer on day 2 to retrieve the autoshapedoperant response independent of the drug injection after the day 1 session. In the 1-h acquisition session, the mice had the opportunity to earn 10 reinforcers compared with the 2-h acquisition session in which the mice had the 1-h acquisition session: 32 mg/kg mianserin increased day 2 mean latency relative to saline controls (P < 0.001), MK212 (P < 0.01), SB206 553 (P < 0.01), BOL (P < 0.05) and methysergide (P < 0.01) (left panel); reduced rates of reinforced responding relative to saline (P < 0.01) and 10 mg/kg SB206 553 (P < 0.01) (middle panel); MK212 increased nonreinforced response rates relative to 32 mg/kg mianserin (P < 0.05) and methysergide (P < 0.05) (right panel). 2-h acquisition session: 32 mg/kg mianserin increased day 2 mean latency relative to saline controls (P < 0.05) and all other agents tested (P < 0.05) (left panel); reduced rates of reinforced responding compared with saline controls (P < 0.05), m-chlorophenylpiperazine (mCPP) (P < 0.01), 3.2 mg/kg SB206 553 (P < 0.05) and methysergide (P < 0.01) (middle panel); 10 mg/kg SB206 553 significantly altered rates of nonreinforced responding relative to saline controls, (P < 0.05), MK212 (P < 0.01), mCPP (P < 0.05) and 32 mg/kg mianserin (P < 0.05) (right bars). Number of mice tested during the 1-and 2-h acquisition session, respectively: saline (n = 11, 10), MK212 (n = 5, 5), mCPP (n = 11, 12), (10 mg/kg n = 6, 6; 32 mg/kg n = 6, 9), SB206 553 (3.2 mg/kg n = 6, 4; 10 mg/kg n = 11, 5), BOL (n = 5, 7), and methysergide (n = 5, 9). Twelve mice failed to earn five (1 h) or 10 (2 h) reinforcers during the day 1aquisition session. Vertical bars represent SEM *P < 0.05; **P < 0.01; ***P < 0.001.
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opportunity to earn 20 reinforcers. Therefore, the autoshaping-operant model is similar to a number of Pavlovian and instrumental procedures that show the number of unconditioned stimuli or reinforcers can impact the final asymptote or rate of learning despite the complexities of these relationships (Nachman and Ashe, 1973; Polenchar et al., 1984; Skjoldager et al., 1993) .
In the autoshaping-operant model, we tested ligands reported earlier in vitro to range in intrinsic efficacy at 5-HT 2C receptors: MK212, an agonist (Santini et al., 2001) ; mCPP, a partial agonist (Santini et al., 2001; Schlag et al., 2004) ; methysergide and BOL, neutral antagonists Herrick-Davis et al., 1997) ; and SB206 553 and mianserin, inverse agonists (Barker et al., 1994; Devlin et al., 2004; Schlag et al., 2004) . As observed in the rabbit eyeblink model (for review see Aloyo et al., 2009) , we observed the greatest impairment of consolidation after the injection of 5-HT 2C inverse agonist mianserin. Specifically, an injection of 32 mg/kg mianserin administered after the day 1 acquisition significantly increased the mean-adjusted latencies to earn reinforcers on day 2 and simultaneously decreased rates of reinforced responding independent of the length of acquisition session relative to the saline control values as well as most of the other 5-HT 2C ligands. Similarly, the 5-HT 2A inverse agonists clozapine and AC-90179 impaired autoshaped responding using similar procedure in mice (Vanover et al., 2004) . Potentially, mianserin impaired consolidation by suppressing basal activity at 5-HT 2C receptors as would be expected by an inverse agonist. In this study, however, the other 5-HT 2C inverse agonist studied, SB206 553, failed to alter latency values or rates of reinforced responding. SB206 553 did increase the rate of responding in the incorrect nose-poke holes on day 2 which suggests a disruption of discriminative control. SB200 646, a 5-HT 2B/2C antagonist (Kennett et al., 1994) similar to SB206 553, failed to modify autoshaped responding in rats although it did block the memory impairments produced by mCPP (Meneses, 2002b) . The observation that mianserin produced consolidation deficits but SB206 553 did not, suggests that mianserin may be a stronger inverse agonist than SB206 553. However, in vitro, mianserin and SB206 553 suppressed basal inositol phosphate formation, increased cell surface expression of 5-HT 2C receptors, and were reversed by neutral antagonist SB242 084 under similar conditions suggesting mianserin and SB206 553 are inverse agonists with at least similar magnitudes of intrinsic efficacy (Chanrion et al., 2008) . Therefore, the difference observed between mianserin and SB206 553 observed in this study may be related to additional activities for mianserin such as blockade of a 2 -adrenergic or histamine receptors or suppression of norepinephrine reuptake (Millan, 2006) . Further study is required to understand the complex role that mianserin may play in learning and memory.
In the rabbit eyeblink procedure, agonists with affinity for 5-HT 2A/2C receptors such as d-lysergic acid diethylamide and (-)-2,5-dimethoxy-4-methylamphetamine facilitated conditioned responding (Aloyo et al., 2009) . However, in the mouse autoshaped-operant task, agonists MK212 and mCPP did not facilitate acquisition despite the fact that 10 mg/kg MK212 and mCPP are behaviorally relevant doses in a number of other learning tasks (Meneses, 2002b; Walker et al., 2005) . In the 1-h acquisition session, injections of mCPP actually impaired consolidation as measured by reinforced response rates similar to autoshaping results obtained earlier in rats with mCPP (Meneses, 2002b) . However, mCPP impaired consolidation in mice only after the 1-h acquisition session when the task was more difficult. The 5-HT 2C full agonist MK212 failed to facilitate or impair consolidation in the autoshaping-operant procedure by any measure. Similarly, pretreatment of MK212, BOL, or mianserin failed to alter acquisition of a LiCl-induced conditioned taste aversion in mice perhaps because of the rapid pairings of this classically conditioned response (Meneses, 2002b; Walker et al., 2005) . The autoshapingoperant procedure like the LiCl-induced conditioned taste aversion procedure may be limited by floor effects to detect improvements in learning despite the increased difficulty of a shorter acquisition session. Alternatively, the 5-HT 2C agonists may not facilitate learning in the same manner as observed earlier for the 5-HT 2A agonists.
Altogether, these data suggest that 5-HT 2C receptors may in fact play a role in memory consolidation. The neutral antagonists methysergide and BOL failed to alter learning in mice on any measure in this study. Similarly, BOL did not alter learning in the rabbit eyeblink model but BOL did block the retardation of learning produced by mianserin (Romano et al., 2000) confirming the notion that BOL is a neutral antagonist in our autoshapingoperant model. Therefore, similar to other studies, the inverse agonist mianserin (but not SB206 553) delayed learning but the neutral antagonists BOL and methysergide failed to significantly alter learning in this autoshaping procedure. Finally, this study shows that the difficulty of the learning task can further modulate the consolidation effects produced by the 5-HT 2C ligands.
